The protein content of the plasma of the blood can be calculated from the observed value of the specific gravity of the plasma with sufficient exactness for certain clinical purposes. This correlation was shown by Moore (5) in cirrhosis of the liver, in other diseases in which the liver is involved, in diabetes, in nephritis, and in anemia, and by others. Decreases both in specific gravity and in protein content of the plasma have been shown by Butterfield, Erdwurm and Braddock (6) to be present in nephritis with edema and by Moore and Van Slyke (1) in nephritis with edema, that is to say, in Bright's disease.
tion by mouth at half hour intervals of water to dogs in amounts equal to 5 per cent of the body weight. In experiments of 8 hours duration, amounts of water equal to 80 per cent of the initial weight of the animal were given. They also found that the amount of hemoglobin in the blood was reduced and that the decrease occurred most rapidly during the first 2 hours, but continued throughout the experiment; it was approximately 15 per cent. The total volume of circulating blood accordingly increased during the period of diminished hemoglobin concentration. Comparison of the refractive index and of the viscosity of the serum did not indicate alteration in the relative proportion of the serum proteins. Previous to this (1922) , Lee, Carrier and Whipple (8) observed increase in the total plasma of the blood of dogs following ingestion of copious amounts of water.
In 1925, Cipriani and Moracchini (9) reported observations on the concentration of proteins in the serum of cardiac and of nephritic patients basing their measurements on the refractometric method. In 9 of 10 patients the protein content of the serum increased 7 to 15 per cent 4 hours after rising in the morning. Two normal individuals under similar conditions showed no change. No change was observed either in normal or in pathological cases during a control period of 4 
hours in bed.
Recently, Thompson, Thompson and Dailey (10) published data which aid in interpreting the observations of Cipriani and Moracchini. They found that increase in protein content of the plasma of normal individuals took place while standing still, following a period of rest in the recumbent position. They observed also rise in the specific gravity of the plasma of the blood. It is unfortunately not possible to compare their data with those now being reported since unlike the technique employed by us oxalate was used as the anticoagulant, nor with those reported by Moore and Van Slyke (1) who used heparin.
Little information appears therefore to be at hand dealing with factors which influence the amount of protein in the plasma of the blood. Nor are there many studies on the methods which affect its specific gravity. For these reasons the present study was undertaken. Observations were made in the case of normal individuals, others in patients in hospital, and others, still, in dogs.
The technique employed for measuring the specific gravity of plasma of the blood was that described by Moore and Van Slyke (1) . Samples of blood were drawn from an arm vein, care being exercised to prevent stasis. Heparin was used as the anticoagulant. Evaporation was prevented before, during and after centrifuging by stoppering the tubes. A small bottle was used to weight the plasma. To obtain the specific gravity of the plasma the weight of the volume of plasma was divided by the weight of the same volume of water, both being at the same temperature. This procedure was performed in duplicate and checked within one or two in the fourth place of decimals. The method of calibration of the bottles for water was that described by Moore and Van Slyke (1) .
OBSERVATIONS
The effect of anticoagulants on the specific gravity of the plasma of the blood. Because of the extensive use of potassium oxalate as an anticoagulant, it was used for this purpose on 3 occasions in order to compare its effect with that of heparin. Although oxalated plasma shows deviations from the values obtained in the case of heparinized plasma, there was in these few instances no constant difference between them. It is obvious therefore that the formula of Moore and Van Slyke is not applicable to oxalated plasma. If a larger series had been compared it would perhaps have been possible to correct the values obtained in the case of oxalated blood by inserting a constant factor in that formula, or else to derive a new formula for use with oxalated plasma.
Constancy of the specific gravity of the plasma of normal individuals during long and short periods. Linder, Lundsgaard and Van Slyke (2), Govaerts (11) and more recently Moore and Van Slyke (1) have shown that when the protein content of blood is low, as it is in certain cases of degenerative Bright's disease, it remains low over a long period of time and returns to a normal level slowly. Moore and Van Slyke (1) showed that the specific gravity of the plasma follows a parallel curve of recovery. We repeated these observations concerning the specific gravity of the plasma in 2 normal individuals on 3 successive days and on 4 successive days in a third. The blood was drawn at the same time each day with one exception when there was a delay of 15 minutes.
In this case although the food taken at breakfast differed, the specific gravity maintained a constant level. The greatest variation in any individual was 0.0003.
In patients suffering from cardiac disease, all in water equilibrium, blood was drawn at the same time each day in 5 cases. In each instance the level of the specific gravity remained constant. The greatest variation observed was 0.0004. The specific gravity of the plasma and by inference therefore its protein content remains remarkably constant.
We have found, as have others (Linder, Lundsgaard and Van Slyke (2), Salvesen (3)), that the specific gravity of the plasma of normal individuals changes appreciably over long periods of time. In one individual the plasma proteins' increased 0.5 gram per 100 cc. of plasma and in corresponding fashion the plasma specific gravity 0.0015 in a period of 14 months. In the case of a second normal subject, the specific gravityof the plasma increased 0.0011 during this time; whether a corresponding change in the total protein content occurred is not known.
On one subject the specific gravity was estimated 3 times during one day. In the middle of the day it was 0.0006 less than in the morning, or in the evening. It may therefore show slight fluctuations in a normal individual in the course of a day.
Comparison of the specific gravity and protein content of the plasma in arterial with that in venous blood. When the specific gravity of the plasma of arterial and of venous blood, taken at the same time, was estimated, as we had opportunity to do in 7 cases, that of venous blood was uniformly greater. The difference varied between 0.0006 and 0.0015 ( (12) and determined by Van Slyke's gasometric microKjeldahl procedure (13) . globin content), and the percentage of red blood cells to plasma were all slightly greater in venous than in arterial blood (Case 5); arterial blood appears in short to be more dilute than venous blood. (table 2) . In the first instance (dog 1), fifteen minutes after the infusion of 500 cc. having a specific gravity of 1.0052, the specific gravity of the plasma fell 0.0015 from 1.0238 to 1.0223. After 30 minutes a second infusion of 500 cc. was given. Fifteen minutes afterward the specific gravity of the plasma had fallen 0.0005 to 1.0218, a total of 0.0020 lower than before the experiment began. The following day, the specific gravity was still low, but had returned to the ante-infusion level on the next day, and two days later remarkable to relate was higher still. In the case of the second dog (dog 2) the injection of 600 cc. of physiologic salt solution intravenously resulted in a decrease in the specific gravity of the plasma from 1.0281 to 1.0243. In this instance a shorter time (5 minutes) elapsed between injection and taking the second sample of blood and presumably less of the fluid which was injected had passed out of the blood stream. This experiment demon-strates more accurately the degree of dilution of the blood which takes place after injection of salt solution than does the first.
Effect of hemorrhage on the specific gravity of the plasma. It has long been known that protein becomes deficient in the plasma of the blood on repeated bleeding (14) . As a result of this procedure Leiter and McLean (15) showed that edema takes place in dogs although the washed corpuscles were returned to the blood stream. Later, when the proteins were again at normal concentration in the blood edema disappeared. When 400 cc. of blood were withdrawn from a dog, the total blood volume of which was approximately 1000 cc., the specific gravity fell 0.0037 at the end of 3 hours, from 1.0231 to 1.0194 (table 3) . A period of 4 days was required for the return of the specific gravity to the original level. The total protein content estimated by chemical analysis fell from 5.34 grams per 100 cc. to 4.41 grams per 100 cc., an effect in agreement with that in specific gravity.
Eftect of injecting hypertonic glucose solution intravenously on the specific gravity of the plasma of the blood. The idea has been current that hypertonic solutions of glucose when injected intravenously increase the osmotic pressure of the plasma of the blood (16), (17) since they draw water from the tissues of the body into the blood stream. That this actually occurs has been shown by Smith (18) , who demonstrated that the volume of the plasma increased following the intravenous injection of glucose. At the height of the effect, dilution of the constituents of the blood, including the proteins, should occur and in consequence reduction in specific gravity of the plasma. We injected accordingly intravenously into dogs on two occasions 55 cc. and on a third 75 cc. of 50 per cent solution of glucose. Samples of blood were taken before injection and at intervals afterward. On the first occasion (dog 4), the specific gravity decreased 0.0021 within 6 minutes after injection and was returning 1' and 4 hours later to the original level (table 4). In the case of dog 5 the specific gravity of the plasma fell 0.0024 from 1.0272 to 1.0248 within 5 minutes after injection of 55 cc. It exceeded the original level about 5 hours later. In the case of both dogs the decrease in specific gravity resulted presumably from the entrance of fluid into the blood stream.
In the case of the third dog (dog 6), 75 cc. were injected intravenously. The fall in specific gravity was only 0.0008. It is probable in this instance that the large amount of glucose solution of high specific gravity (1.1811) counter-balanced the dilution effect of the water drawn in from the tissues. But in any case it appears that the intravenous injection of hypertonic solutions of glucose results in decrease in specific gravity of the plasma of the blood.
Effect of the ingestion of water 1000 cc. on the specific gravity of the plasma of the blood. Observations were made in two patients to whom 1000 cc. of water were given by mouth. The procedure as ap plied by Stewart and McIntosh (19) is briefly as follows: It is carried out in the morning. The patient receives no fluid after midnight. A specimen of urine collected at 6 a.m. is discarded. After voiding at 7 a.m. (this specimen is saved) the patient drinks 1000 cc. of water. No more fluid and no food are given until after the procedure is ended at 11 a.m. Specimens are collected at 8, at 9, at 10 and at 11 a.m. and are saved separately. They are measured and the specific gravity estimated. Normal individuals excrete all or nearly all of the 1000 cc. of water ingested within 4 hours; the specific gravity falls to 1.001.
In the patients now studied samples of blood were taken immediately after each voiding and the specific gravity of the plasma was estimated.
In the first instance (Case 3) the specific gravity decreased 0.0002 from 1.0260 to 1.0258 (table 5 ) and in the second instance (Case 1), it fell 0.0003 from 1.0271 to 1.0269. In both instances the changes were small and may not be significant. Yet the lowest specific gravity of the plasma occurred at the time of the lowest specific gravity of the urine. The difference in the magnitude of the results between our observations and those in the aninals of Greene and Rowntree is due, 1 and 3 p.m.; each specimen is saved separately. The procedure ends after the specimen is collected at 3 p.m. The amount and specific gravity of each specimen are estimated. In normal individuals the specific gravity of the urine rises to 1.030.
In these patients samples of blood were taken immediately after each voiding and specific gravity of the plasma estimated. In the first instance (Case 3) the specific gravity rose 0.0013 from 1.0259 to 1.0272 (table 6 ). There was a corresponding rise of 0.17 gram per 100 cc. in the total protein content of the plasma from 6.56 grams per 100 cc. to 6.73 grams per 100 cc. In the case of the second patient (Case 1) the specific gravity of the plasma rose 0.0013 from 1.0273 to 1.0286. In two patients therefore, significant increases occurred in the specific gravity of the plasma due to increase in the concentration of plasma proteins dependent on the loss of fluid from the blood, when the patients were given a dry diet. It is not possible to compare the results of our observations with those reported by Strasser (20) since the procedures and times at which the samples of blood were drawn are not identical. In certain instances, however, he likewise observed increase in the specific gravity of the plasma. Effect of injecting intravenously gum acacia dissolved in hypertonic glucose solution on the specific gravity of the plasma of the blood in a patient exhibiting edema due to nephrosis. A patient who for 8 months had exhibited edema and generalized anasarca due to degenerative Bright's disease and in whom the plasma proteins were diminished during the presence of edema, was given by Van Slyke and Moore 450 cc. of 6 per cent solution of gum acacia in 20 per cent glucose solution in an attempt to raise the specific gravity above the zone characteristic of edema ( fig. 1) . The specific gravity before the first in- (table 8) .
As soon as the infusion was finished the specific gravity of the plasma rose to 1.0199, but the total protein content of the plasma decreased to 3.6 grams per cent. Two weeks later the injection of 500 cc. of a similar solution resulted in similar changes. The increase in specific gravity was due presumably to the presence of gum acacia; the fall in the concentration of protein is explained partly by dilution of the plasma resulting from the volume of solution injected and partly by the entrance of fluid into the blood stream due to presence there of the hypertonic glucose solution (18) .
Correlation in cardiac patients of the protein content and of the specific gravity of the plasma of the blood. Moore and Van Slyke (1) demonstrated a close agreement between the specific gravity of the plasma and protein content in normal individuals and in patients suffering from Bright's disease (hemorrhagic, degenerative and arteriosderotic) whether edema was or was not present. In a corresponding fashion we have measured the protein content and the specific gravity of the plasma of a number of cardiac patients both those exhibiting edema as well as those free of it. The specific gravity of the plasma and the plasma protein content were both within the normal range (table 9) . A correlation as in nephritic patients was found between the specific gravity and the protein content. If these data are inserted in figure 3 of Moore and Van Slyke's paper (1) now reproduced as figure 1, the points lie about the straight line drawn by them. In calculating the plasma protein content from the observed specific gravity their formula may therefore be used, in which plasma protein expressed in grams per 100 cc. of plasma equals 343 (G -1.0070), where G is the observed specific gravity. DISCUSSION We have presented data which show striking constancy in the specific gravity of the plasma of the blood in normal individuals as well as in the plasma proteins. We have also presented the results of our attempts to alter the specific gravity of the plasma.
That the specific gravity of the plasma and correspondingly of the concentration of proteins in the plasma vary within such small limits (0.0003) in normal individuals and in cardiac patients (0.0004) is sur-prising. Other observers (Linder, Lundsgaard and Van Slyke (2), Salvesen (3)) have called attention to variations which occur in the protein content of the plasma over long periods of time. We have confirmed these observations and have found in addition that changes in the specific gravity parallel changes in the concentration of plasma protein. During the course of a day the specific gravity was found to vary 0.0007 in one individual, being lowest in the middle of the day. How much variation, and presumably it is very little, is due to changes in water balance and how much to concentration of the blood due to standing and walking is not known. Thompson, Thompson and Dailey (10) believed that increase in the concentration of protein and increase in specific gravity of the plasma occur when the position of the body is changed from recumbent to standing, due to loss of fluid (approxmately protein free) from the blood amounting on the average to 11 per cent of the total plasma volume. Their studies were based on estimations of blood volume. Cipriani and Moracchini (9) likewise observed increase in serum protein concentration in cardiac and nephritic patients 4 hours after rising, but observed no change in normal individuals. They employed the refractometric method. It may be recalled that Linder, Lundsgaard and Van Slyke (2) compared the results obtained by the refractometric method for the estimation of protein with those gained from chemical analysis of the blood by the Kjeldahl method and found that they differed as much as 1.5 gram of protein per 100 cc. of plasma in normal individuals.
The procedures which we have used to alter the concentration of protein and the specific gravity of the plasma have had as their basis dilution or concentration of the circulating blood by changing its fluid content; they were not dependent upon alteration of the total protein content of the circulating plasma. The decrease in specific gravity of the plasma following the intravenous injection of hypertonic solutions of glucose takes place with surprising rapidity, the maximum reduction being present a few minutes after the infusion is finished. The dilution of the plasma which is indicated by the decrease in specific gravity corresponds approximately to the increase in plasma volume of the circulating blood which Smith demonstrated in dogs under conditions similar to ours. The return of the specific gravity to its original level occurs with the removal of the excess fluid from the blood.
It is a fact that the organism quickly restores to a normal level a lowered concentration of protein in the plasma which has been artificially induced. This is the situation following large hemorrhages. If, on the other hand, deficiency of protein in the plasma of the blood is a manifestation of disease, as is the case in nephritis with edema, the low level is maintained over long periods of time (1); we are ai; present without measures of increasing the protein content of the plasma within a short time. The attempts to increase the specific gravity of plasma independently of its protein content by intravenous injections of gum acacia were only partially successful, since the addition of relatively large amounts of it to the circulating blood resulted in only slight rises in the specific gravity. SUMMARY 1. The anticoagulant used has an effect on the specific gravity of the plasma. If data are to be compared with those published by Moore and Van Slyke, heparin must in consequence be used.
2. It has been demonstrated that the specific gravity of the plasma and, on the basis of Moore and Van Slyke's observations, the plasma proteins of normal individuals show remarkable constancy for short periods (days) provided the samples of blood are taken at the same time each day.
3. In patients suffering from heart disease who were in water balance the maximum and minimum daily variations in the specific gravity were 0.0004 and 0 respectively. 4 . In two normal individuals the variations were 0.0015 and 0.0011 over a period of 14 months. There was corresponding variation in the protein content of the plasma.
5. The specific gravity of the plasma of a normal individual varied 0.0007 in the course of a day. 6 . The protein content and the specific gravity of the plasma of arterial blood is less than of venous biood. 7 . The injection intravenously in dogs of normal salt solution resulted in decrease in the specific gravity of the plasma of the blood. The administration of water 1000 cc. by mouth to human beings decreased the specific gravity of the plasma, however, only slightly.
8. During "concentration tests" two patients exhibited increases (0.0013) in the specific gravity of the plasma of the blood. 9. Hemorrhage was followed by decrease in specific gravity of the plasma, and a corresponding decrease in the plasma protein concentration. Return to the initial level occurred 4 days after bleeding.
10. The intravenous injection of hypertonic solutions of glucose resulted in decrease in the specific gravity of the plasma.
l1. The injection of gum acacia in glucose solution increased the specific gravity of the plasma slightly, but the volume of fluid injected and the dilution resulting from the presence of hypertonic glucose solution decreased the protein concentration.
12. The specific gravity and the protein content of the plasma of patients suffering from cardiac disease are within the range found in normal individuals.
13. In those cardiac patients exhibiting edema as well as in those in whom this sign is not present, there is a linear relationship between the specific gravity and the total protein content of the plasma which is expressed by the formula of Moore and Van Slyke. 2. Bleeding, intravenous injection of normal salt solution, the intravenous injection of hypertonic glucose solution, and to a much less extent, the ingestion of water may bring about dilution of the plasma and in consequence alterations in the normal specific gravity and in the concentration of the plasma proteins; on the other hand, withholding fluid and ingestion of a dry diet may raise the specific gravity and the concentration of the proteins. The ingestion of fat also decreases the specific gravity of the plasma.
3. The specific gravity and protein content of the plasma of patients suffering from cardiac disease irrespective of the presence of edema was greater than that associated with edema in nephritic patients. 4 . The protein content of the plasma of cardiac patients may be calculated from the observed value of the specific gravity of the plasma by applying the formula published by Moore and Van Slyke (1) for use in normal individuals and patients suffering from Bright's disease.
